To compare the performance of the Canadian CT Head Rule (CCHR) and the New Orleans Criteria (NOC) in minor head injury patients. Method: This retrospective cohort study collected data and CT head reports of all minor head injury patients from 1 January 2008 to 31 December 2010. We compared the sensitivity, specificity, positive and negative predictive values of both rules in predicting clinically important brain injury on CT and the need of neurosurgical intervention. Results: We reviewed 474 patients with minor head injury. Seventy seven patients had clinically important brain injury and 11 underwent neurosurgical intervention. The sensitivity of the CCHR and NOC in predicting clinically important brain injury were 80% (95% confidence interval [CI] 70-88%) and 92% (95% CI 86-98%), respectively; and the specificity of the CCHR and NOC were 39% (95% CI 33-44%) and 17% (95% CI 13-21%), respectively. The sensitivity of the CCHR and NOC in predicting the need of neurosurgical intervention were 80% (95% CI 55-100%) and 100% (95% CI 100-100%), respectively; and the specificity of the CCHR and NOC were 36% (95% CI 31-41%) and 15% (95% CI 12-19%), respectively. The negative predictive values (NPV) of the CCHR and NOC for clinically important brain injury were 88% (95%CI 83-94%) and 91% (95%CI 84-98%); and for the need of neurosurgical intervention were 99 %( 95% CI 96-100%) and 100% (95% CI 100-100%). Amongst those missed cases, 88% in the CCHR group and 83% in the NOC group reported loss of consciousness. Conclusions: The NOC is more sensitive but less specific than the CCHR in predicting both outcomes. Both rules have excellent NPV to rule out the need of neurosurgical intervention. (Hong Kong j.emerg.med. 2016;23:25-33)
Introduction
Blunt head injury is a very common presentation to accident and emergency departments (ED) in Hong Kong. Minor head injury is defined as a blunt head injury resulting in witnessed loss of consciousness, definite amnesia or witnessed disorientation in a patient with a Glasgow Coma Scale (GCS) score 13 to 15.
1,2
On the other hand, minimal head injury is defined as a blunt head injury resulting in no loss of consciousness, and with a GCS score 15. 3 Currently, the use of computed tomography (CT) of the head for minor head injury has been increasing rapidly in all ED in Hong Kong. The Canadian CT Head Rule (CCHR) and the New Orleans Criteria (NOC) are previously developed clinical decision rules to guide CT use for patients with minor head injury. Although these two clinical rules have been validated in overseas studies, they are not widely used in Hong Kong. Generally speaking, there are no commonly accepted rules for ordering CT head for minor head injury patients among ED physicians in Hong Kong. Local studies comparing the performance of these two clinical rules in predicting brain injury have been lacking.
The objective of this study was to compare the clinical performance of these two decision rules in predicting clinically important brain injury on CT head and the need of neurosurgical intervention (or death within 7 days due to head injury) in patients with minor head injury. The performance of these rules was compared in terms of sensitivity, specificity, positive and negative predictive values.
Method
This was a retrospective cohort study reviewing all patients who attended the ED of Princess Margaret Hospital from 1 January 2008 to 31 December 2010 with minor head injury.
Princess Margaret Hospital is a trauma centre in the Kowloon West cluster of the Hospital Authority of Hong Kong. The attendance of the Accident and Emergency Department of Princess Margaret Hospital is around 140,000 per year.
All patients' data including ED records, in-patient records on the Clinical Management System (CMS), CT film and reports were reviewed independently by the first four authors (Lo, Shih, Leung, and Cheung). All data were entered into an incorporated Excel file for analysis. Each patient's record was reviewed by one designated author. The CT films of the patients were interpreted by radiologists in the Department of Radiology of Princess Margaret Hospital. Formal reports were obtained for all CT head films. The study was approved by the Kowloon West Cluster Clinical Research Ethics Committee in Hong Kong. There was no potential conflict of interest or sponsorship.
Validity of study population
In order to ensure we had included all minor head injury patients within the study period, and to verify the representativeness of our samples, we performed a review to identify the percentage of CT head done in patient with all kinds of head injuries presented to our
Keywords: Craniocerebral trauma, craniotomy, retrospective studies, sensitivity and specificity, unconsciousness 關鍵詞：顱腦外傷、開顱手術、回顧性研究、敏感性和特異性、無意識 department within a random period of time during our study period. We reviewed all the medical records of patients with all kinds of head injuries during an arbitrary period from 1 August 2010 to 31 August 2010 inclusively. Among the 11917 attendance during this period, 383 head injury patients were identified. We found out that there were 22 minor head injury patients (i.e. GCS score 13-15, with loss of consciousness or amnesia or disorientation), and all of them received CT head in our hospital. None of them were discharged without CT head done. During this arbitrary one month period, all patients who received skull X-ray only or no imaging were patients with minimal head injury only. All these minimal head injury patients were discharged from our ED directly. Therefore we inferred that all patients with minor head injury received CT head in our ED.
Patient selection
Inclusion criteria of both decision rules were patients with blunt trauma resulting in minor head injury (i.e. GCS of 13 or above, and witnessed loss of consciousness, definite amnesia, or witnessed disorientation.). 1, 2 Exclusion criteria for both decision rules were patients who presented to ED more than 24 hours after head injury or who did not have a documented GCS in their records. Further exclusion criteria specific for the Canadian CT Head Rule 1,2 were patients: who had seizure prior to ED treatment; or who had focal neurological deficit; or who had a bleeding disorder or on oral anticoagulant treatment; or who were 16-year-old or younger. Further exclusion criteria specific for the New Orleans Criteria were patients: 4 who were younger than 1 year; or with a GCS <15 (i.e. GCS 14 or below).
Analysis of the clinical rules
The two clinical rules were listed in Table 1 . The data of the two groups of patients included for analysis for the CCHR and the NOC were collected and their presenting symptoms were identified according to their ED records and in-patient records. All patients' CT head reports were analysed subsequently. Skull X-ray was not reviewed because CT head was performed for all in clud ed p atien ts . Fo r pat ient s wh o were hospitalised with CT head repeated during hospital stay, the reports of the subsequent CT scans were also reviewed. This analysis work was performed by the principal author.
Outcomes measurement
The two outcomes that we compared were the performance of these two clinical rules in predicting clinically important brain injury on CT head films, and the need for neurosurgical intervention (or death within 7 days due to head injury). Clinically important *Signs of basal skull fracture include haemotympanum, raccoon eyes, cerebrospinal fluid, otorrhoea, rhinorrhoea, and Battle's sign.
2 † Visible trauma above the clavicle includes any external evidence of injury (e.g. contusions, lacerations, abrasions, deformities and signs of facial and skull fracture) 4 GCS=Glasgow Coma Scale; CT=computed tomography brain injury was defined as all kinds of brain injuries with positive CT findings except the following: 1) solitary contusion of less than 5 mm in diameter; 2) localised subarachnoid blood less than 1 mm thick; 3) smear subdural haematoma less than 4 mm thick; or 4) closed depressed skull fracture not through the inner table. 1, 2 The need for neurosurgical intervention was defined as either death within 7 days secondary to head injury or the need for any of the following procedures within 7 days: burr hole, craniotomy, craniectomy, and elevation of skull fracture or intracranial pressure monitoring.
1,2

Data analysis
The performances of the two clinical rules (i.e. sensitivity and specificity) were compared using Chi Square analysis with 95% confidence intervals (95% CIs) calculated. Statistical analysis was performed with SPSS version 20.0. All the statistical analysis work was performed by the two authors, Lo and Yeung, together.
Results
D u r i n g t h e p e r i o d o f 1 J a n u a r y 2 0 0 8 t o 31 December 2010 (both dates inclusive), there were a total of 1874 head injury patients presenting to the ED of Princess Margaret Hospital requiring CT hea d. A mon g th ese 187 4 ca ses , 15 1 were excluded because they presented more than 24 hours after head injury. Another 113 patients were further excluded as the GCS score was not documented. For the remaining patients, 73 patients were major trauma patients, 1025 were minimal head injury patients (i.e. GCS score 15, no witnessed LOC, definite amnesia or witnessed disorientation), 15 patients had severe head injury (i.e. GCS score 8 or below), 23 patients had moderate head injury patients (i.e. GCS score 9-12), and 474 patients were minor head injury patients (i.e. GCS score 1 3 -1 5 , w it n e s s ed L O C , d e f in i t e a m n e s i a o r witnessed disorientation) (Figure 1 ). For the 474 cases of minor head injury, the number of cases used for assessing the Canadian CT Head Rule after exclusion criteria was 383; whilst the number of patients for assessing the New Orleans Criteria after exclusion criteria was 431. Among the 383 CCHR eligible cases, 77 patients (20.1%) had clinically important brain injury reported by radiologists on their CT films, and 10 (2.6%) had either underwent neurosurgical intervention within 7 days (8 patients) or died within 7 days (2 patients) due to the head injury. Among the 431 NOC eligible cases, 77 patients (17.9%) had clinically important brain injury reported by radiologists on their CT film, and 11 (2.6%) had either underwent neurosurgical intervention within 7 days (8 patients) or died within 7 days (3 patients) due to the head injury.
The ages, mechanism of injury and outcome of all the minor head injury patients included in both clinical rules are illustrated in Table 2 .
Furthermore, among the total 474 included minor head injury cases, there were totally 16 cases for which CT head was repeated during in-hospital stay with the first CT head showing no clinically important brain injury. None of these 16 subsequent CT head showed delayed bleeding or brain injury.
The results of the comparison of the performance of the two clinical rules are shown in Tables 3, 4 and 5. The sensitivity of the CCHR and NOC in predicting clinically important brain injury were 80% (95% CI 70-88%) and 92% (95% CI 86-98%), respectively. The specificity of the CCHR and NOC for this outcome were 39% (95% confidence interval [CI] 33-44%) and 17% (95% CI 13-21%), respectively. The sensitivity of the CCHR and NOC in predicting the need of neurosurgical intervention or death within 7 days were 80% (95% CI 55-100%) and 100% (95% CI 100-100%), respectively. The specificity of the CCHR and NOC for this outcome were 36% (95% CI 31-41%) and 15% (95% CI 12-19%), respectively. The positive predictive values of the CCHR and NOC in predicting clinically important brain injury were 25% (95% CI 19-30%) and 19% (95% CI 15-23%), whereas the negative predictive values of the CCHR We individually reviewed the records of these 22 patients. We found that among those 16 patients who had positive primary outcome but did not fulfill the criteria of the CCHR, 14 (88%) of them had a documented history of loss of consciousness, one case was drunk and confused, 3 cases (19%) had documented amnesia of less than 30 minutes, 4 cases (25%) had single episode of vomiting. Except one male patient who was not entitled and that his age was unknown, all the other 15 were younger than 65. Eleven patients were male and 5 were female. Ten of them had subarachnoid haemorrhage (SAH), 5 had skull fracture, 4 had subdural haematomata (SDH), and 2 had epidural haematomata (EDH). None of these 16 patients were reported dead after the head injury. Data of these patients are illustrated in Table  6 . The first 2 patients illustrated in Table 6 (in italics) underwent neurosurgical intervention. Both of them underwent craniotomy and clot evacuation. For the 6 patients who did not fulfill the criteria of NOC but had clinically important brain injury, all of them were male and none were older than 60. Among them, 5 patients (83%) had a history of loss of consciousness, 2 patients (33%) had amnesia of less than 30 minutes. None of these 6 patients died due to the head injury, but 3 had SDH, 2 had SAH, and 3 had skull fracture (Table 7) .
Among the above missed cases, 88% in the CCHR group and 83% in the NOC group reported presence of loss of consciousness. We additionally studied the odds ratio (OR) of loss of consciousness in all head injury patients (i.e. 1874 cases, disregarding the GCS and severity of head injury) in predicting both outcomes. Out of these 1874 head injury patients, 413 had loss of consciousness.
The result was shown in Table 8 . 
Discussion
We demonstrated that for the studied population who sustained minor head injury, the New Orleans Criteria was more sensitive than the Canadian CT Head Rule in predicting clinically important brain injury and the need of neurosurgical intervention. The CCHR had a higher specificity than the NOC in predicting both outcomes. Furthermore, both clinical rules were demonstrated to have an excellent negative predictive value of the need of neurosurgical intervention. However, both rules were not good enough to rule out clinically important brain injury in absolute terms.
In previous overseas studies, the CCHR were shown to have a higher specificity than the NOC in predicting both clinically important brain injury (36-65% vs 3-28%) and the need of neurosurgical intervention (38-82% vs 3-26%).
5-14
Some studies demonstrated that the NOC is more sensitive than the CCHR in predicting clinically important brain injury, 7, 11, 12 whilst some studies demonstrated that the CCHR is more sensitive. 8 Some demonstrated equal sensitivity of both clinical rules in predicting clinically important brain injury. 5, 6, 9 We propose that loss of consciousness is a statistically important clinical predictor of both clinically important brain injury and the need of neurosurgical intervention, which agrees with many previous studies. 15, 16 Combining this result and the result of our study, we propose that both clinical rules are good enough to rule out clinically important brain injury only when loss of consciousness is taken into consideration. The New Orleans Criteria combining with the factor of loss of consciousness has a high negative predictive value to rule out clinically important brain injury.
In our study, the distribution of the mechanism of head injury was different from that in other validation studies done in other regions. The major mechanism of injury in our study was fall from the same level (50.5% in CCHR group and 49.4% in NOC group), whilst the mechanism of injury was relatively more equally distributed in other overseas validation studies. 3, 6, 8 This could have produced a spectrum effect to affect the sensitivity and specificity of both clinical rules in our study.
In our study, both the CCHR and NOC did not achieve high negative predictive value in predicting clinically important brain injury (88% and 91%) as in other validation studies (99-100% for CCHR and 93-100% for NOC). 6, 8 This was very likely due to high prevalence of clinically important brain injur y identified (20.1% in CCHR group and 17.9% in NOC group) in our studies compared with 5.3-13.8% in other validation studies. 6, 8 The main limitation of the present study was its retrospective design and all our data input was based on the clinical notes documented by medical officers and that were subjected to unavoidable inaccurate documentation and missing data. In our study, approximately 10-11% of the data on symptoms were missed due to inaccurate documentation. Certain parameters were often missed in documentation, such as the duration of amnesia. The documentation of the duration of the amnesia of more than 30 minutes in the majority of our records was subjected to recall bias, which could have falsely made the sensitivity of the CCHR higher. Another limitation was that we were not able to ensure that all discharged patients from our ED did not attend private hospital due to delayed bleeding, or even underwent neurosurgical operation in private hospital. We also did not study on the effect of anticoagulant on the risk in this study. Furthermore, the present study was conducted in a single hospital and that would limit the generalisability.
Conclusions
We conclude that for patient who has minor head injury, the New Orleans Criteria is more sensitive but less specific than the Canadian CT Head Rule in predicting both clinically important brain injury and the need of neurosurgical interventions. Both clinical rules have excellent negative predictive values in predicting the need of neurosurgical intervention.
